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AB The transplantability of experimental tumors into the brain (i.e.) and 

s.c. tissues of C3Hf/Sed and athymic NCr/Sed nude mice was examined using 
quantitative cell transplantation assays. Studies 
using the immune -competent C3H animals showed that brain is a more 
favorable site for the transplantation of syngeneic tumor than s.c. tissue 
and that this is true for nonimmunogenic as well as immunogenic tumors. 
The capacity of the brain to act as an immunological sanctuary can be 
overwhelmed by a strong, systemic, secondary immune response such as that 
evoked by the methylcholanthrene-induced sarcoma FSal. In studies 
performed using NCr/Sed nude mice, the allogeneic tumor MCalV was found 
not to be demonstrably immunogenic. The cell dose required to transplant 
the tumor into 50% of recipients (TD50) could neither be increased by 
immunization procedures nor decreased by six Gy whole-body irradiation 
(WBI) prior to transplantation. Delayed-type hypersensitivity to this 
tumor was not expressed by nude mice after rechallenge with tumor antigen. 
The TD50 was again lower for i.e. than s.c. transplantation and the ratio 
s.c. /i.e. was comparable to that found in syngeneic C3Hf/Sed hosts. Three 
human tumors have been similarly tested. They were: FaDu, a pharyngeal 
squamous carcinoma; HFSal, a fibrosarcoma; and U87, a malignant 
glioma, s.c. TD50 values were in all cases significantly higher 
than those obtained i.e. Tlie ratios TD50 s.c ./i.e. ranged from 6.4 to 
greater than 50 in five studies, substantially higher than those found for 
transplantation of murine tumors into either the syngeneic or the 
allogeneic recipients. Six Gy WBI reduced the s.c. TD50 for these tumors, 
but in each case the value remained significantly higher than that 
obtained i.e. 19.4 Gy WBI given in 10 equal fractions and followed by i.v. 
bone marrow rescue reduced further the s.c. TD50 for FaDu. NCr/Sed nude 
mice demonstrated cross-reacting delayed-type hypersensitivity against 
FaDu and HFSal. A small proportion of FaDu tumors (less than 2%) displayed 
a spontaneous halt in growth or even regression. When the host cell 
infiltrate of these tumors was analyzed, an increase was seen in the 
proportion of Thy 1 .2 and asialo-GM 1 -positive cells as compared with 
progressively growing tumors. These data strongly suggest that a residual 
low level of immune reactivity exists in nude mice against 



xenotransplanted human tumors. This resistance to s.c. transplantation may 
be diminished by WBI and is less for intracerebral implantation. 
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AB The present invention is based upon a surprising finding that stem cells, 

more particularly neural stem cells, can 

migrate throughout a brain tumor and track metastatic brain 

tumor cells. The invention provides a method for treating brain 

tumors by administering genetically engineered neural 

stem cells in an individual affected by brain 

tumors. The invention also provides a method of preparing 

genetically engineered neural stem cells and 

a composition comprising genetically engineered neural 

stem cells in a pharmaceutically acceptable carrier. 
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AB Neural stem cells (NSCs) are capable of 

tracking migrating glioma cells. To exploit this tropism to generate an 

antitumor T-cell response, particularly against disseminating 

tumor pockets, we inoculated intracranial glioma-bearing mice with 

interleukin 12 (IL-12) producing NSCs. Intratumoral therapy with 

IL-1 2-secreting NSCs prolonged survival compared to treatment with 

nonsecretory NSCs or saline. NSCs demonstrated strong tropism for 

disseminating glioma, and IL-1 2-secreting NSC therapy was associated with 

enhanced T-cell infiltration in tumor microsatellites and 

long-term antitumor immunit>'. These results indicate that the use of 

tumor tracking NSCs represents a potent new therapeutic modality 

for glioma. 
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AB The number of potentially intimate relationships between brain 
tumors and the precursor cells that contribute to normal central 
nervous system (CNS) development and repair now appears to be somewhat 
larger than would have been anticipated only a few years ago. It also 
appears that understanding the vulnerabilities of CNS precursor cells, and 
of the specific cells that they generate, might help us to reveal the 
biological basis for the cognitive impairment that is increasingly 
recognized as an adverse effect of systemic cancer therapies. Using 
neural stem cells as therapeutic vehicles in 
the treatment of brain tumors could be modified to allow repair 
of the damage caused by brain tumors themselves and of the 
neurological impairment that is frequently associated with traditional 
cancer treatment approaches. 
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AB The present invention relates to the field of cellular and mol. therapy 

with modified (genetically or growth factor engineered) and unmodified 

stem cells (SCs). More particulariy, the invention relates to a method of 

systemic treatment of central nervous system (CNS) and other 

tumors in both intracranial/intraspinal and 

extracranial/extraspinal sites, using neural stem 

cells (NSCs), a prototype for solid organ, non -hematopoietic stem 

cells. 
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AB Image-guided transparenchymal delivery of drugs is an emerging 
neurosurgical modality that holds the promise of delivering various agents 
directly across the blood-brain barrier. Potential large-scale 
applications for convection-enhanced delivery of drugs through the 
interstitial space include the delivery of chemotherapeutic agents and 
gene therapy vectors for the treatment of brain tumors and the 
delivery of neurotrophic factors and neurotransmitters for the treatment 
of neurodegenerative disorders. The related technique of direct 
intraparenchymal injection of cells provides a means for transplanting 
neural stem cells into the brain for the 

treatment of degenerative diseases. Significant advances in catheter 
design, infusion strategies, and imaging technology have brought these 
procedures into the mainstream of human clinical testing, with clinical 
applications potentially on the near horizon. 
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AB Neural stem cells have recently come to the 

forefront in neurobiology because of the possibilities for CNS repair by 
transplantation. Further understanding of the biology of these cells is 
critical for making their use in CNS repair possible. It is likely that 
these discoveries will also have spin-offs for neuro-oncology as primary 
brain tumors may arise from a CNS progenitor cell. An 
understanding of the normal migratory ability of these cells is also 
likely to have a very important impact on the knowledge of brain 
tumor invasion. 
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AB One of the impediments to the treatment of brain tumors (e.g., 

gliomas) has been the degree to which they expand, infiltrate surrounding 

tissue, and migrate widely into normal brain, usually rendering them 

"elusive" to effective resection, irradiation, chemotherapy, or gene 

therapy. We demonstrate that neural stem cells 

(NSCs), when implanted into experimental intracranial gliomas in vivo in 
adult rodents, distribute themselves quickly and extensively throughout 
the tumor bed and migrate uniquely in juxtaposition to widely 
expanding and aggressively advancing tumor cells, while 
continuing to stably express a foreign gene. The NSCs "surround" the 
invading tumor border while "chasing down" infiltrating 
tumor cells. When implanted intracranial ly at distant sites from 
the tumor (e.g., into normal tissue, into the contralateral 
hemisphere, or into the cerebral ventricles), the donor cells migrate 
through normal tissue targeting the tumor cells (including human 
glioblastomas). When implanted outside the CNS intravasculariy, NSCs will 
target an intracranial tumor. NSCs can deliver a therapeutically 
relevant molecule-cytosine deaminase-such that quantifiable reduction in 
tumor burden results. These data suggest the adjunctive use of 
inherently migratory NSCs as a delivery vehicle for targeting therapeutic 
genes and vectors to refractory, migratory, invasive brain tumors 
. More broadly, they suggest that NSC migration can be extensive, even in 
the adult brain and along nonstereotypical routes, if pathology (as 
modeled here by tumor) is present. 
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AB Glioblastomas, the most frequent and malignant of primary brain 

tumors, have a very poor prognosis. Gene therapy of glioblastomas 

is limited by the short survival of viral vectors and by their difficulty 

in reaching glioblastoma cells infiltrating the brain parenchyma. Neural 

stem/progenitor cells can be engineered to produce therapeutic molecules 

and have the potential to overcome these limitations because they may 

travel along the white matter, like neoplastic cells, and engraft stably 

into the brain. Retrovirus-mediated transfer of the gene for interleukin-4 

is an effective treatment for rat brain glioblastomas. Here, we 

transferred the gene for interleukin-4 into C57BL6J mouse primary neural 

progenitor cells and injected those cells into established syngeneic brain 

glioblastomas. This led to the survival of most tumor-bearing 

mice. We obtained similar results by implanting immortalized neural 

progenitor cells derived from Sprague-Dawley rats into C6 glioblastomas. 

We also documented by magnetic resonance imaging the progressive 

disappearance of large tumors, and detected 5-bromodeoxyuridine- 

labeled progenitor cells several weeks after the injection. These findings 

support a new approach for gene therapy of brain tumors, based 

on the grafting of neural stem cells 

producing therapeutic molecules. 
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AB The inherent biology of neural stem cells 

(NSCs) endows them with capabilities that not only circumvent many of the 
limitations of other gene transfer vehicles, but that enable a variety of 
novel therapeutic strategies heretofore regarded as beyond the purview of 
neural transplantation. Most neurodegenerative diseases are 
characterized not by discrete, focal abnormalities but rather by 
extensive, multifocal, or even global neuropathology. Such widely 
disseminated lesions have not conventionally been regarded as amenable to 
neural transplantation. However, the ability of NSCs to engraft 
diffusely and become integral members of structures throughout the host 
CNS, while also expressing therapeutic molecules, may permit these cells 
to address that challenge. Intriguingly, while NSCs can be readily 
engineered to express specified foreign genes, other intrinsic factors 
appear to emanate spontaneously from NSCs and, in the context of 
reciprocal donor-host signaling, seem to be capable of neuroprotective 
and/or neuroregenerative functions. Stem cells 
additionally have the appealing ability to 'home in' on pathology, even 
over great distances. Such observations help to advance the idea that NSCs 
- as a prototype for stem cells from other solid 

organs - might aid in reconstructing the molecular and cellular milieu of 

maldeveloped or damaged organs, 
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AB The induction of spongiform myeloencephalopathy by murine leukemia viruses 
is mediated primarily by infection of central nervous system (CNS) 



microglia. In this regard, we have previously shown that CasBrE-induced 
disease requires late, rather than early, virus replication events in 
microglial cells (W. P. Lynch et al.. J. Virol. 70:8896-8907, 1996). 
Furthermore, neurodegeneration requires the presence of unique sequences 
within the viral env gene. Thus, the neurodegeneration-inducing events 
could result from microglial expression of retroviral envelope protein 
alone or from the interaction of envelope protein with other viral 
structural proteins in the virus assembly and maturation process. To 
distinguish between these possible mechanisms of disease induction, we 
engineered the engraftable neural stem cell 
line CI 7-2 into packaging/producer cells in order to deliver the 
neurovinilent CasBrE env gene to endogenous CNS cells. This strategy 
resulted in significant CasBrE env expression within CNS microglia without 
the appearance of replication competent virus. CasBrE envelope expression 
within microglia was accompanied by increased expression of activation 
markers F4/80 and Mac-1 (CD lib) but failed to induce spongiform 
neurodegenerative changes. These results suggest that envelope expression 
alone within microglia is not sufficient to induce neurodegeneration. 
Rather, microglia-mediated disease appears to require neurovirulent Env 
protein interaction with other viral proteins during assembly or 
maturation. More broadly, the results presented here prove the efficacy of 
a novel method by which neural stem cell 

biology may be harnessed for genetically manipulating the CNS, not only 
for studying neurodegeneration but also as a paradigm for the disseminated 
distribution of retroviral vector-transduced genes. 
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AB Many methods of gene transfer to the brain are under study. One employs a 
neural stem cell based strategy. Transplanting 
neural progenitor cells that intrinsically secrete missing or 
therapeutic gene products, or are genetically engineered ex vivo to do so, 
may provide a strategy for long-term treatment of central nervous system 
manifestations of a number of neurogenetic diseases. Multipotent 
neural progenitors or stem cells (or cells 

that mimic their behavior) are capable of differentiating along multiple 
central nervous system cell-type lineages. TTiey can engraft as integral 
members of normal structures throughout the host central nervous system 
without disturbing other neurobiological processes. They can also be 
easily genetically manipulated ex vivo. By exploiting their basic 
biological properties, these cells may be able to deliver therapeutic gene 
products in a sustained, direct, and perhaps regulated fashion throughout 
the central nervous system. Furthermore, although they may disseminate 
these gene products throughout the brain, they nevertheless restrict that 
distribution to only the central nervous system. Thus, these vehicles may 
overcome many of the limitations of viral and non-neural 
cellular vectors, as well as pharmacologic and genetic interventions. The 
feasibility of this neural stem cell-based 

strategy has been demonstrated by correcting the widespread central 
nervous system pathology of a murine model of a prototypical inherited 
neurodegenerative disease, mucopolysaccharidosis type VII. These studies 
have helped to establish the use of such cells as a paradigm for 
transferring other molecules of therapeutic or developmental interest 
throughout the central nervous system at many ages. 
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AB A review. Neural stem cells (NSCs) may 

provide a novel approach to reconstituting brains damaged by ischemic 
injury. The transplantation of exogenous NSCs may, in fact, augment a 
natural self-repair process in which the damaged CNS "attempts" to 
mobilize its own pool of stem cells. Providing addnl. 
NSCs and trophic factors may optimize this response. Preliminary data in 
animal models of both pediatric and adult stroke lends support to these 
hypotheses. Recent studies suggest that NSCs may be a substitute for 
fetal tissue in transplantation paradigms as well as a vehicle for gene 
delivery. The basic biol. of NSCs appears to endow them with 
characteristics that make them ideal vehicles for gene therapy as well as 



agents of repair. These biol. characteristics include the ability of 

transplanted cells to migrate, to integrate into the neural 

circuitry, and to differentiate into multiple cell types. NSCs may have 

the ability to reestablished neural circuits that have 

degenerated as a result of ischemic injury. Importantly, migration of 

NSCs may be stimulated by neurodegenerative environments. For these 

reasons, there has been a growing interest in the therapeutic potential of 

NSCs and progenitor cells following cerebral ischemic injury. 
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AB Neural stem cells (NSCs) have been proposed 

as tools for treating neurodegeneration because of their capacity to give 

rise to cell types appropriate to the structure in which they are grafted. 

In the present work, we explore the ability of NSCs to stably express 

transgenes and locally deliver soluble molecules with neuroprotective 

activity, such as glial cell line-derived neurotrophic factor (GDNF). NSCs 

engineered to release GDNF engrafted well in the host striatum, integrated 

and gave rise to neurons, astrocytes, and oligodendrocytes, and maintained 

stable high levels of GDNF expression for at least 4 months. The 

therapeutic potential of intrastriatal GDNF-NSCs grafts was tested in a 

mouse 6-hydroxydopamine model of Parkinson's disease. We found that 

GDNF-NSCs prevented the degeneration of dopaminergic neurons in the 

substantia nigra and reduced behavioral impairment in these animals. Thus, 

our results demonstrate that NSCs efficiently express therapeutic levels 

of GDNF in vivo, suggesting a use for NSCs engineered to release 

neuroprotective molecules in the treatment of neurodegenerative disorders, 

including Parkinson's disease. 
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AB To test the idea that genetically engineered cells can rescue axotomized 
neurons, we transplanted fibroblasts and immortalized neural 
stem cells (NSCs) modified to express neurotrophic 
factors into the injured spinal cord. The neurotrophin-3 (NT-3) or nerve 
growth factor (NGF) transgene was introduced into these cells using 
recombinant retroviral vectors containing an internal ribosome entry site 
(IRES) sequence and the beta-galactosidase or alkaline phosphatase 
reporter gene. Bioassay confirmed biological activity of the secreted 
neurotrophic factors. Clarke's nucleus (CN) axons, which project to the 
rostral spinal cord and cerebellum, were cut unilaterally in adult rats by 
T8 hemisection. Rats received transplants of fibroblasts or NSCs 
genetically modified to express NT-3 or NGF and a reporter gene, only a 
reporter gene, or no transplant. Two months postoperatively, grafted cells 
survived at the hemisection site. Grafted fibroblasts and NSCs expressed a 
reporter gene and immunoreactivity for the NGF or NT-3 transgene. Rats 
receiving no transplant or a transplant expressing only a reporter gene 
showed a 30% loss of CN neurons in the LI segment on the lesioned side. 
NGF-expressing transplants produced partial rescue compared with 
hemisection alone. There was no significant neuron loss in rats receiving 
grafts of either fibroblasts or NSCs engineered to express NT-3. We 
postulate that NT-3 mediates survival of CN neurons through interaction 
with trkC receptors, which are expressed on CN neurons. These results 
support the idea that NT-3 contributes to long-term survival of axotomized 
CN neurons and show that genetically modified cells rescue axotomized 
neurons as efficiently as fetal CNS transplants. 
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AB We postulated that hNSCs in the ricin-lesioned monkey spinal cord might 
respond to neurodegenerative cues & differentiate into neural 
cells. To test it, unilateral intrasciatic injections were done in adult 
St. Kitts green monkeys with either ricin (n=l 1) or saline (n=2). hNSCs 
were pre-labeled with BrdU and Dil, & stereotactically implanted in the 
central canal region 2w post ricin. Weekly measurements of function & calf 
size were done using ANOVA. After 2 or 6m, spinal cords were processed 
histopathologically. Scores were significantly worse for locomotion, toe-, 
and foot-posture; calves were smaller; & EMG showed persistent denervation 



potentials in ric in-treated compared with control legs. Saline-injected 
animals yielded no impairment. Pathological exam showed 20-80% MN loss in 
ipsilateral sciatic spinal cord regions & grouped atrophy in ipsilateral 
gastrocnemii. hNSCs engraftment & migration to the motoneuron-deficient 
ventral horn was observed. Some hNSCs assumed a morphology, size, & 
ChAT-positivity suggestive of motoneurons. Thus, transplanted hNSCs can 
integrate within the primate spinal cord, show tropism for degeneration 
within MN-impoverished ventral horns, & differentiate into cells 
suggestive of neuron & glia. 
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AB Subclones of human and murine neural stem 

cells (NSCs) have been investigated for their ability to 
differentiate into mature neural cells as well as their tropic 
properties and potential to deliver gene products to regions of cell 
death. Using the superoxide dismutase (SODl) transgenic mouse G93A as a 
model of familial amyotrophic lateral sclerosis (ALS), we delivered murine 
and human NSCs via intracistemal injections into the CSF of five-week-old 
mice. Motor activity was measured using a rotorod apparatus at weekly 
intervals. At the end stage of disease, 19 weeks, mice were sacrificed for 
pathologic examination. Subclones of NSCs were found engrafted within the 
parenchyma of brainstem and spinal cord and expressed the neuronal marker 
betalll-tubulin. Migration of NSCs appears to occur on the external 
surface of penetrating vessels into the parenchyma. This demonstrates that 
subclones of neural stem cells are capable 

of migration into the CNS parenchyma in young adult animals after CSF 
injection. Furthermore, these cells survive long-term and possess neuronal 
markers. This method of delivery in mature animals has potential 
therapeutic implications for clinical use in adult-onset neurodegenerative 
diseases such as ALS. 
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AB Transplantation of NSCs into HI brain injury showed robust engraftment & 



foreign gene expression within the ischennic area, migration towards the 
injury site, & difTerentiation into neural cells lost to injury. 
Although NSCs appear to have the capacity to repopulate Hl-injured brain, 
their ability to reform connections may be limited by the vast amount of 
parenchymal loss. To address this need, we hypothesized that highly porous 
PGA scaffolds, if co-transplanted with NSCs into the infarction cavity 
might facilitate reformation of structural & funtional circuits. To test 
this, clone CI 7.2 stem cells were seeded onto PGA in 
culture. The cells grew robustly & migrated readily throughout the 
structure, adhering to PGA fibers. After the NSCs/PGA unit was implanted 
into the infarction cavity of PI 4 mice, NSCs had completely impregnated 
PGA matrix & the unit refilled the cavity, becoming incorporated into 
animal's cerebrum & even becoming vascularized by the host. When 
immunostained, many very long, complex neurofilament (NF)-f donor-derived 
neuronal processes run the length of the disappearing matrix & 
host-derived NF+ fibers enter the matrix, conceivably making contact with 
donor-derived neurons. In the cortical penumbra, many host neurons showed 
more neurites extensions & arborizations compared to those in the 
contralateral grossly intact cortex. These may suggest that NSCs-PGA 
complex facilitate even further the differentiation of host & donor 
neurons, & enhance the ingrowth/outgrowth of such cells to facilitate 
reformation of structural/functional cortical tissue. 
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AB The ability to differentiate neural stem cells 

(NSCs) into dopamine neurons is fundamental to their role in cell 
replacement therapies for neurodegenerative disorders such as Parkinson's 
disease. We show here that when a clonal line (CI 7.2) of undifferentiated 
NSCs is transplanted into the intact or 6-hydroxydopamine-lesioned 
striatum, cells withdraw from the cell cycle (BrdU(-)), migrate 
extensively in the host striatum, and express markers associated with 
neuronal (.beta.-tubulin III(+), NSE(+), NeuN(+) but not glial (GFAP(-), 
MBP(-), A2B5(-)) difTerentiation. Importantly, by 2-5 weeks postgrafting. 



in the majority of these transplants, nearly all engrafted cells express 
the dopamine-synlhesizing enzymes tyrosine hydroxylase and aromatic 
L-amino decarboxylase, sometimes resulting in changes in motor behavior. 
In contrast, no NSCs stain for dopamine-.beta. -hydroxylase, choline 
acetyltransferase, glutamic acid decarboxylase, or serotonin. We conclude 
that, following transplantation into the intact or 6-hydroxydopamine- 
lesioned rat, the adult brain contains intrinsic cues sufficient to direct 
the specific expression of dopaminergic traits in immature multipotential 
neural stem cells. .COPYRGT. 2002 Elsevier 
Science (USA). 
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AB Stable clones of neural stem cells (NSCs) 

have been isolated from the human fetal telencephalon. These self-renewing 
clones give rise to all fundamental neural lineages in vitro. 
Following transplantation into germinal zones of the newborn mouse brain 
they participate in aspects of normal development, including migration 
along established migratory pathways to disseminated central nervous 
system regions, differentiation into multiple developmental ly and 
regionally appropriate cell types, and nondisruptive interspersion with 
host progenitors and their progeny. These human NSCs can be genetically 
engineered and are capable of expressing foreign transgenes in vivo. 
Supporting their gene therapy potential, secretory products from NSCs can 
correct a prototypical genetic metabolic defect in neurons and gila in 
vitro. The human NSCs can also replace specific deficient neuronal 
populations. Cryopreservable human NSCs may be propagated by both 
epi genetic and genetic means that are comparably safe and effective. By 
analogy to rodent NSCs, these observations may allow the development of 
NSC transplantation for a range of disorders. 
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